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Abstract
l’hc Mars Pathfinder mission, scheduled for
launch in December, 1996, will use an airbax
system to safely deliver a lander to the Martian
surface. ~’he airbag landing system has undergone
a c’cmprchensivc  test program during its evo]LI t ion
from initial design phase to final qualificatiol~
and acceptance testing. q’his system was
extensively instrumented during the prototype
drop test prc)gram at NASA I,ewis Research
C’enter’s l’lum Brook Station to provide data on
airbag performance and kinematical motion c~f
the lander. Test and analysis objectives for this
test series inc]udeci m e a s u r i n g  Iancler
accelerations, airbag tendon forces, and airha:
pressures and temperatures. [)ata  from these
prototype test results were usecl to direct design
modifications to be assessed in later full scale
developmental testing. l’his paper outlines the
test approach used in the airbag development
program, and describes in detail the data
acquisition system Used to obtain and evaluate
airbag performance data.

lNTRODUC1 ‘1 ON
l’he Mars I’athfindcr  mission is part of the
l)iscovery  Program, a National Aeronautics and
Space Administration (NASA) initiative for a
new class  of smaller missions utilizing the
“faster, better, cheaper” approach to planetary
exploration. Its principal mission objective is to
demonstrate a simple, reliable, and low-cost
systenl  for placing a scientific ~>ayload on t]le

surface of Mars. Pathfinder is currently scheduled
to be ]aunchcct from a l)e]ta  11 launch vehicle in
l~ccember 1996, and after an eight month cruise
land on Mars in July 1997. I’lanned I’athfinder
activities on Mars include acquisition of surface
images; deployment o f  a  micrc)rover;  ancl
scientific investigations o f  t h e  Martial]
atmosphere, meteorology, and surface elemental
composition. l’he lander portion of the spacecraft
in the deployed surface configuration is depicted
l;igure 3.

Fig. 1 M a r s  l’athfincler i n  the landed
~onfiguraiion



l’athfincter  also represents the first landing
mission to Mars since the Viking missions of t} JCJ
decades ago. LJnlike Viking, l’athfinder  will not
soft land using  a rocket  system to brake its
descent, but rather Wi]l L1se an airbag  SySknl  to

safely deliver the lander to the hlartian surface.
2 ‘he entry/descent /lancting  (E1 )1,) sequence for the
]’athfincfer  mission is depicted in };igure 2. l’his
paper out]inc’s the test approach used in the
airbag development program, and describes in
cletail the data acquisition system used to obtain
and evaluate airbag performance data.
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Fig. 2 Mars Pathfinder Entry Decent landing
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Al l{NAC; L)ROI’ TEST IJROGRAM
‘H~e Mars ]’athfincler airbag landing system has
undergone a comprehensive test program during
its evolution from initial dcsig-n phaw to final
c]ualificatiml/acceptance testing of the flight
airbag landing system.

llackgrouncl
The Jet l’ropulsicm l,aboratc)ry (JI’I ) and Sandia
National 1,aboratory  began a collaboratic)n in
1993 to design, fabricate, and test a scale model
airbag landing system as a prc)of of conce})t

d e m o n s t r a t i o n  f o r  t h e  M a r s  l’athfinder
spacecraft.

‘1’hc first series of tests, performed in May 1993 in
t h e  Sanctia }Iigh A l t i t u d e  ~hambcr (} IA~),
consisted of a stationary .38 scale model airbag
landing system struck by an accelerating impact
plate. The mass of the impact plate ancl airbag
pressures were appropriately scaled to preserve
the  in tegr i ty  of the simulatic)n  for an~bicl~t
Martian landing conditions. Eighteen impact
tests were conducted with variations in impact
ve]c)city and airbag orifice areas. Stlbsequent]y,  a
supplementary series of tests was conducted at
Sandia’s coyote C’anyon Test }~acility to assess
the structural integrity of the airbag landing
system.

A second series of tests was performed in
Septen~ber  1994 at the Sandia FIAC under nearly
identical test conditions. The objectives of this
series of tests were to evaluate the performance of
the second generation airbag design and validate
the predictions made by the under ly ing
m a t h e m a t i c a l  model  of the airbag  lanciing
system. Of particular interest was the effect of
orifice size on airbag performance. };ifteen impact
tests were ccmducted with variations in impact
velocity and airbag orifice areas.

T’hese prcjof of concept tests are considered to
have successfully demonstrated the feasibility of
using an airbag landing system for a planetary
lancler [1]. I)uoyed by these test results, JI’1 ~ let a
contract to 11 C I)over Inc. to fabricate and
clemonstration test an airbas  landing system for
Mars I’athfindcr.

Flight System Drop “lesting
in collabc)raticm with 11 C Dover inc., J1’1 ~ began a
much more extensive series of drop tests on fu]]
scale prototype airbag systems beginning in April
1995. “l’his series of tests had the following
objectives for an airbag landing system operating
under Martian ambient conditions:
● to measure lander accelerations, air bag

tendon forces, and airbag pressures anti tem-
peratures

● to assess the airbag bladder design and
fabric abrasion resistance properties

● to determine the frequency and magni t ucie 01
the lancling excitation

● to use these prototype test results to
direct subsequent design modifications



‘1’his prototype testing took place at NASA I,ewis
Rescwrch center’s Plum Brook Station in tlic
Space Power I:aci]ity (S1’l:), the world’s largest
space environmental test chamber.

}~ased  on the results of the J1’I/Sanctia proof of
concept testing, the prototype airbag landing
system design consisted of an airbag attached to
each face of the tetrahedral lander by means of
internal and external tendons, thereby cocooning
{he lander in a total of 4 airbags. }:lachtriangu]ar
shaped airbag has 6 lobes approximately .9 m in
diameter---the lobes being separated by
approximately 1 m-–giving  each airbag a total
volume of approximately 12.5 m~. “l’he airbag
attached to the bottom of the tetrahedron (or
bascpetal) isventedbymcansof  internal orificm
to each of the other airbags to provicle  a damping
mechanism. Onc of the airbags with its attach

Fig. 3 Mars I’athfinrlcr  Airbag

‘1’he test configuration consisted of the prototype
~irl)ag  SYStC III attached in flight-like fashion to
a full scale engineering unit lander. l’he airbags
were instrun~ented  with thermocouples ancl
pressure transducers to  measure their
thermodynamic performance parameters;
additionally, for theprototype 1 drop series, the
tendons connecting one of the airbags to the lander
were instrummted  with strain gages to measure
t h e  inline  tendon forces .  I’he lander  w a s
instrumented with accelerometers to recorcl its
kinematic moticm; in turn, all of this data was
recorded on a portable data acquisition system

mounted inside the moving lander. ‘1’he combined
airb,\g/lander  assembly was suspended from the
top of the S1’17 chamber and impacted onto either
a horizontal surface or a platform inclined at 60”
with a simulated rock field.

l:or the initial drops, the airbag/lander system
free-fell vertically to a horizontal surface
without the simulated rock f ield.  ljor  all
subsequent drops, the airbag/lander system was
impacted vertically onto the inclimd  platform
with the rock field. The 60° inclined platform
simulates the design landing condition of 30”
with respect tc) the Martian surface, and the rock
field simulates the best estimate of the actual
Martian surface rock distribution based on Viking
lander data. 10 compensate for the loss of drop
height caused by the platfc>rm, higher velocity
impacts were assisted by bungee cords ticcl to the
bottom of the lander. All drops took place at
pressures of approximately 5 torr, Martian
surface ambient conditions. l’he drop test setup
with the inclined platform is depicted Figure 4.

Fig. 4 Mars Pathfinder Drop Test Setup
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‘] ’able I below  summarizes the flight  system testing of the airbag landing system under various
test conditions.

Table 1: Prototype Airbag Drop Test Summary

l’rototype 1
h

Speed Rock Size Airbag Pressure
Drop (mls) (m) (psia) comments

1 15.00 0 1.5 vertical only

2 15.00 0 1.5 vertical only

3 20.00 0 1.5 vertical only

4 15.00 ‘i. . 1.5 60° platform

5 20.00 5. . 1.5 60” platform

Prototype 2 Multiple constructions tested

Speed Rock Size Airbag I’ressure
Drop (nI/s) (m) (psia) Conuncnts

6 16.00 5. . 1.5 60” platform

7 16.00 ‘i. . 1,5 60° platform

8 22.85 ?. . 1.5 60° platform

9 22,85 3. . 1.0 60” platform

10 22.30 ?. . .92 60” platform

11 22.64 ?. . .89 60° platform

12 27.81 ?. . .92 60” platform

(Iiull  Scale lkwelopmcnt) inflation test followed by drop

Speed l{ock Size Airbag Pressure
Drop (1111s) ( m ) (psia) Comments

}’s1)1 28.03 3 .92. . 60” platform

}:s1 )2 25.40 z. . .94 60” platform

1;s1)3 23.96 5 .91. . 60” platform

I

~’hese prototype development tests have qualification/acceptallcc  testing for flight airbag
successfully led to an optimized design for the landing system is scheduled tcj take place at
flight airbag landing system to be used on the N A S A  Iewis Research Center’s l’lum l}roc)k
M a r s  l’athfinder spacecraft. T h e  f i n a l Station in April 1996.
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1NSTRUMENTATION AND DAI’A
ACQUISITION
l’he Mars I’athfinder  airbag landing system was
extensively instrumented during the prototype
drop test program to provide data cm airbag
fwrformancc  and kinematical motion of the
lander. Test and analysis objectives included
measuring lander accelerations, one set of airbag
tendon forces, and airbag  pressures and
temperatures.

Data Acquisition Requirenlents
Because the I’athfinder lander/ airbag system

was to be tested under unusual and relatively
harsh environmental conditions, standarci
recording equipment and data acquisition
techniques could not be used. Specifically, these
test conditions required utilip,ing a ruggedimd,
pc)rtable  data acquisition system able to remotely
operate under high g loads and low temperatures
in near vacuum conditions. I’he test and analysis
objectives necessitated utilizing a robust,
multichannel] digital data recorder capable of
recording data from a variety of transducer types,
“1’he data acc]uisiticm system’s requirements are
summarimd in Table 2.

Table 2: Data Acquisition Requirements Summary

E
Environmental Requirements

g loads 75 g

operating temperature -20”C - +40”C

operating pressure 5 – 760 torr
+

Recording Requirements I

channels

min frequency range

recorcl time

>30 (sample-and-hold requirecl)

0-200 I Iz; anti-alias filter required

>4013~

25 s; remote trigger 3

data ldi,gital o u t p u t ;  ASC’11 f o r m a t  d e s i r e d  I

E
Transducer Requirements

accelerometers >6 (1 per l)O1:);  75 g max

force transducers 16 (1 per A/Ii tendon); 9 kl’o max

temperature 4 (1 per A/I\); -20°c  - +40nc

pressure 4 (1 per A/l\); 2.9 psia
3

Recording System
A survey of dealers in the data acquisition field recommended procurement of the SoMat/I<obert  A.
uncovered only two vendors- -both from an I )enton Inc. Intelligent I ~Llnlnly  I)ata Acquisition
automotive industry background--having system  (lI)I)AS), a system originally  designee]
products potentially capable of meeting these for al~tl~rc)}>ox~~c)r}>l~ic  test  dummies used in
requirements. After receiving bids from both automotive crash testing. This system  was
manufacturers, cogni~jant test personnel selected based on the following technical merits:



● compact size and low power consumption
● high number of channels and large storage

capacity
● robust, variable sample rates
● built-in sigI~al conditioning and filtering
● built-in analog to digitalcol~~’ersic)l~
● built-in shunt calibration capability
● user friendly software interface

3’lIc lI~DAS  t e c h n i c a l specifications are
summarized in ?able 3, and a picture of its
installation in the lander is given in Figure 8.

Table 3

Ii’m[ SYSTEM SPECIFICATIONS
1
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Transducers
‘1’0 accomplish the objectives of measuring lalder
accelerations as well as measuring tendon loads
and pressures and temperatures of the airbags,
t h e  l’athfincler l a n d e r  /airbag  system  w a s
instrumented with accelerometers, strain ga~es,
]Jressure transducers,  and thermocouples
respectively.

I’he l{nctevco Model 7264 A-1OO piezoresisti~’e
accelerometer was selected for measuring lancler
accelerations because of its wicle frequency
response, excellent linearity, and stable
performance over a wide temperature range.
Although only 6 channels are required to
rc’construct the kinematic variables for rigid body
motion, the 11 )L~AS’s large channel capacity
afforded the luxury of using a 12 channel
ovcrdetermined system to facil i tate later

reconstruction of the lander’s kinematical motion.

l’he Strainsert  Strain Gaged Stud Model AY-
950131 -I<;-A was selected for measuring the
inline forces on the airbag tendons fc)r its relative
ease of installation and its virtue of ren~aining
protected during lander impact. l’his transducer
consists of a foil type strain gage mounted alons
the longitudinal neutral axis of a threaded stud.
The stud was then attached inline tc) the airbag
tendons by means of a clevis.

‘1’]le Sensotech  Model A-5-7809-01 pressure
transducer was initia]ly selected for measuring
the airbag internal pressures. ‘lhis  particular
model of this general purpose transducer has a
maximum range of 3 psia. During testing, it was
observed that the pressure readings were
sensitive to impact accelerations; consequently,
this transducer was ]ater rc’placec] with a low g
sensitive Fmtran Model 11 PX-101W-1OA.

l’ype ‘I’ 22 gauge thermocouples were selected to
measure 4 airbag internal temperatures and 1
ambient tcn~perature.

The teChlliCa] specifications for the transducers
arc are sunlmarixcct in Table 4.

Acquisition l’arameters
The ir~strL~~l~e~~tatio~~  suite described above
comprises 38 channels of data: 12 accelerometer
channels, 16 strain gage channels, 5 pressure
channels (1 redundant measurement), and 5
temperature channels. l’he robust nature of the
II JIIAS  permitted maximum flexibility with
minimal penalty for designing the data
acquisition parameters. Because knowledge
regarding the magnitude and frequency content of
the landing excitation was uncertain prior tc)
testing, very conservative san~plin8 rates were’
selected to preserve data integrity to relatively
high frequencies. The ll)IIAS recorder was
configured to sample all data channels at 10000
1 lZ and antialias  filter tc) 1000 lIz. l’his  still
allc~wect for 26 sec of record time with frequency
content L]}) to 1000117. for each channel. 1 )uring the
initial drops, conservative full-scale values fc)r
each c}~annel were alsc) selectecl to allow for
sufficient “heaclroom” in the data; these values
were then reduced with the later drops. ‘1’he start
of data acquisition and time synchronization
with the system clock were initiated with the
lander drop si~nal.



Table  4: l’ransduccr Specification Summary

Accelerometers: Endevco Model 7264A-I(X) I
I

sensitivity .02Ei  rnV/V/g

frequcmcy  rcspmlse 1 )(’ – 5000117,

operaiing temp -55°c  - +121°C

F o r c e  “1’ransclucers:  Strnimert Strni/1  Ch<qcd Stf{d Model AY-950131-lG-A I
range

sensitivity

configuration

operating temp

9000 lbs IF

.00027 mV/V/lb
—
350 f~ fu]]-brid~e

< -t 150°1;

l’ressure 1 ‘ransclucers:  SeHsoteclZ Model A-5-76’09-01 I
range

sensitivity

configuration

operating ternp

I’hermocouples:  7~ypc 7’22 ,yuge

.5-3 PSIA

.67 n] V/V/I’SIA

350 Cl fu]l-bridgct +

-6S”1;  - +250”1:
—

- - i

Sample I)ata
‘1’hc 11 ~IIAS and its complement of transducers
successfully acquired the full data sets for o I I
drops in the prototype test series. Representative
time histories for acceleration, force, and pressure’
data arc displayed in }’igures  5-7.

concluding  Remarks
The capability to acquire high fidelity dynamic
ctata for a free-falling test article utilizing  a
portable data acquisition system able to remotely
c)pcratc under cieman ding environmental
conditions has been demonstrated. The extensive
acceleration, force, pressure, and tempmatum
data provided by this acquisiticm system during
the prototype drop testing of Mars I’athfillcler
was invaluable in the development and
evaluation of the airbag landing system.
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Fig. 6 Tendon Force I’lot Fig. 7 Airbag  I’ressure  I’lot

Fig. 8 IDL>AS Installed
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